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BIOPROBE SYNTHESIS ON A MICROARRAY SUPPORT 



FIELD OF THE INVENTION 

A system for conducting chemical and/or biochemical reactions (s provWed. comprisfng a reaction 

substrate wlthamultlpllclty Of reacforzones. said reaction substrate havfngasubstantfallyflatiop 
surface and a substantially flat bottom surface, the reaction substrate being poreus with a 
multiplicity of essentially parallel pores enabling liquid flow through, said pores having a diameter 
of about 10 Mm to 10 nm, characterised In that said flat top surface Is bonded to the bottom of a 
first rigid support, said rigid support comprising a multiplicity of through going holes extending 
from the top of said rigid support to the bottom of said rigid support, and said through going holes 
defining the reactor zones. The Invention further relates to the use of said system and an 
apparatus comprising said system as well as an Incubation device for holding said system and a 
15 loading station. ' 



BACKGROUND OF THE INVENTION 
Cument oligonucleotide and peptide synthesis systems use a particle-based technology since the 
late 1980s. These systems use Controlled Pore Glass (CPG) or polymer resin solid phase In a 
column. The synthesis takes place In a step-by-step process in which each of the nucleotides or 
amino acids building biocKs are added. 
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A fluid dellveiy station known asan oligonucleotide or peptide synfliesfser controls the reagents 

andbulldingblocksneededforthe synthesis. These systems areequlppedwtthanumberofvfals 
for «.e storage of reagents and building blocks needed In ihe process. TyplcaHy. 6-10 vials for 
DNA syntiiesis and 25 vials for peptide synthesis are required. The throughput of ttiese systems 
is relatively slow because of the time needed for completion of chemical reaction steps and 
because of «,e stringent washing, which Is needed to clean the column and the tubings. 

The cun^nt explosion of genomic Infomiaflon has resulted In an enormous boom In small scale 
DNA synthesis. The use of PGR and oligonucleotide mlcroan^ys has resulted In a need for low 
cost DNA syntiiesis on a scale as small as e.g. 0.05^.1 nmol. CunentCPG based synthesis is 
scalable fliom a 200-nmol syntiiesis to a mmol scale for large scale synthesis, which is used in 
antisense technologies. However. CPG based synthesis has problems In delfvering at a high 
ttiroughput basis smaH amounts of clfgonuclectides. Furthemiore. Hie quality of the resulting 
oligonucleotides is often poor. In tills regard, optical quality control Is not possible wltti a CPG 



ONTVANfiST Tl.in 01 Aiift K.i!) 



I 4 Ml NECO P I I I n0 

+3292802345 



# 1 



2 

based approach. 

Therefore, there Is a need for systems enabling low-cost and small-scale chemical and/or 
biochemical reactions for synthesising polymers. 

5 

SUMMARY OF THE INVENTION 
In order to provide low-cost, small-scale synthesis the present Invention provides a system for 
conducting chemical and/or biochemical reactions, comprising a reaction substrate with a 

1 0 multiplicity of reactor zones, said reaction substrate having a substantially flat top surface and a 
substantially flat bottom surface, the reaction substrate being porous witin a multiplicity of 
essentially parallel pores enabling liquid flow through, said pores having a diameter of about 10 
|jm to 10 nm, about 5 pm to 25 nm, about 1 pm to 50 nm, 0.5 pm to 0.1 pm, or about 0,2 pm. 
characterised in that said flat top surface is bonded to the bottom of a first rigid support, said rigid 

15 support comprising a muitiplicify of through going holes extending from the top of said rigid 
support to the bottom of said rigid support, and said through going holes defining the reactor 
zones. 



2 0 DETAiLED DESCRIPTION 

The present invention relates to a system for the high-throughput, muitiparailel and fast synthesis 
of high quality polymers, such as oligonucleotides and peptides, at low cost and with minimal 
reagent consumption and on-line coupling efRciency monitoring (e.g. Trl^ or Fmoc monitoring). 
The Invention further relates to the use of said s^tem, and an apparatus comprising said system 

25 as well as an incubation device for holding said system and a loading station. 

In the present specification and the appended claims, the singular forms "a", "an", and "the" 
Include plural references unless the context clearly dictates otherwise. Unless defined otherwrse, 
all technical and scientific terms used herein have the same meaning as commonly understood to 
3 0 one of ordinary skill in the art. 

substrate 

In view of conducting chemical and/or biochemical reactions at low-cost, at small-scale and on- 
line coupling effidency monitoring, the choice of the reaction substrate is of prime importance. 
3 5 The present Invention provides a porous, three-dimensional (3D) structure. The three dimensional 
structure of the reaction substrate enlarges the reaction surface, compared to two-dimensional 
(2D) substrates. For Instance, the 3D structure of commercially available aluminium oxide, such 
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as AnoporB (Whatman). enJar^es the reaction surface by 500 compared to a non-porous b«o. 
dimensional substrate. This surface enlargement is sufficient for small-scale synthesis In the 
subnanomolar scale. The porosity of the reaction substrate may result from a multiplicity of 
essentfaily parallel pores, the pores being perpendicular to the upper and lower services of the 
substrate. An advantage of these pores Is that they enable effective liquid flow-through. This liquid 
flow-mrough provides efficient and fast washing and fluid addition. Furthermore, this liquid flow- 
enables highly efficient reaction Wnetics and washing efficiencies, resulting 
product, because diffusion distances, which are rate limiting In other solid phase support 

wh.^ H '"^ "^"^'^ components 

whlc*havenotbeenusedarelmmedlatelyandefficlentlyremovedf«mthea,Baof8yntheslsand 
can thus not Interfere with new reactions. ynuiesis ana 

The material of the porous substrate may be. for example, a metal, a ceramic metal oxide oran 
orgamc polymer. In view of chemical resistance, stmngth. rigidity and optical transparency a 
metal or a ceramic melal oxide may be used. Above all. in view of heatreslsfance. a metaloxide 
may be used Exemplary suitable materials for use as substrates In the present Invention are 
metal ox.des. Metal oxides provide a substmte having both a high channel (pore) density and a 
h.gh porosity, allowing reaction substrates comprising e high amount of fir^t binding substances 
per (2D) surface unit In addition, metal oxides are highly transparent for visible light Metal oxides 

^nTr MTrr"'*"*"' '° -'-fabrication 
technology. Metal oxide membranes having a mulBpllcily of essentially paraHel pores can be 

manufactured threugh electrochemical etching of a metal sheet Metal oxides considered are 
among others, oxides of ziroonlum. slllclum. mulHte. cortlerite. tltenium. zeolite orzeollte analog' 
tantalum, and aluminium, as well as alloys of two or more metel oxides and doped mefal oxidi' 
and alloys containing metal oxides. The kind of mefal oxide Is not especfaliy limited. As a mefal 
for example, a porous substrate of stainless steel (sintered mefaO can be used. For applications 
notrequlring heat resistance, a porous substrate of an organic polymer can also be used If It Is 
sufficiently mechanically Stable, such membranes haveamultlpllclty of essentially p^^^^^ 

With well contrelleddlameterand useful chemicalsurfacepreperties. The diameter of thepores is 
an important factor In detemilning the total amount of molecules anchored per the total 

d,mensionsof the reaction substrate. In the presentlnventlon, the pores haveadlame^ 
10Mmto10nm.about5pmto25nm.about1 Mmto50nm.D.5Mmto0.1 pm. or about 0.2 pm A 

abouno"""'"''"'^"'*''''"'"^^^^ 

about 10 pores per mm^ These dimensions are not to be construed as llmlfing the present 
Invention. The small pore diameter In this setup ensures fast reaction times, such as for 
Phosphoramldlte and Fast-Fmoc chemlstor. because of the small dlflUslonal distances In 
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addition, the porous substrate provides minimal dead volumes. Patent applications EP-A-0 875 
427 and WO 99/02266, which discloses the use of Anopore™ as a porous substrate, are 
exemplary in the above respect, and are specifically incorporated in the present Invention. This 
Anopore™ substrate has Interconnected pores of about 0.2 pm In diameterwhlch extend from the 
first top surface to a defined region within the substrate, followed by additional pores or channels 
of significantly less diameter, e.g. about 0.02 pm, which extend thereafter to the bottom of the 
surface. According to the above, the present invention provides a reaction substrate comprising a 
substantially flat top surface and a substantially flat bottom surface, the reaction substrate being 
porous with a multiplicity of essentially parallel pores enabling liquid flow through. It will further be 
understood that the term "essentially parallel pores" Includes through-going oriented channels. Is 
not restricted to discrete channels, but also includes branched pores which are connected to 
adjacent pores In the substrate. 

The reacUon substrate of the present invention may be made of an organic or inorganic material, 
including glass or a metal oxide, such as, for e^mple, alumium oxide. 

The metal oxide membranes are optically transparent, especially If wet, which allows for assays 
using various optical techniques. The transparency allows a real time measurement or continuous 
process monitoring to be made, e.g- for quality control, using a CCD (charged coupled optical 
20 detector) camera, low angle laser scanner or other, suiteible optical scanner. The optical 
transparent substrate allows colorlmetric based detection, which may be used to monitor reagent 
addition as well as to monitor coupling efficiencies (e.g. Trityl-monltorlng. FmocHmonltorlng), 
monitor reaction rates and reaction products. In a further embodiment, the use of a system for 
monitoring the chemical and/or biochemical processes Is provided. 

25 

Accordingly, the present Invention provides a system, wherein the reaction substrate is optically 
transparent or translucent 

Accordingly, the present invention provides a system for conducting chemical and/or biochemical 
3 0 reactions as described herein, wherein said chemical and/or biochemical reactions are monitored 
optically, possibly In a continuous fashion. 

Monitoring of the reaction processes within the substrate Is by signals generated by said 
reactions. Said signals may be transient, i.e. passing especially quicidy into and out of existence. 
35 The term "transient signal" as used in the present invention refers to e.g. a pulse. In the present 
invention, each sequential addition of a second reaction component may be monitored for the 
generation of a signal pulse. The level and Intensity of said pulse may be directly linked to the 
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reaction resulting upon addition of said second reaction component The signal detection maybe 
a quantitative or a qualitative observa«on or both. The system of the present invention provides a 
s.gnal via optical radiation. As used herein, the temi "optical radlaHon- can Include mdiatlon that 
can be used to transmit signals, such as radiation in the visible, ultraviolet. Infrared and/or other 
portions of the efecfromagnetio radiation spectrum. It wiB be underatood that reactions perfomied 
according to the present Invention may be rhonHorad by for example blolumlnescenoe. radioactive 
radiation, chemi-luminescence and/or fluorescence. 

Detection methods of the generated signals are well known In the art. Signals maybe delected or 
vlsuallad in a variety of ways, with the particular manner of detection being chosen based on the 
reporter system which is utilized. Representative detection means include scintillation counting 
auto-radlography. optical detection such as fluorescence measurement, colorimetri; 
measurement, light scattering, and the like. 

chemlcat and/or binn hemical rftgny ^|^%nc 

A wide diversity of different polymers can be syntheslsed fn the present substrate and 
consequently a vast array of chemical and/or biochemical reactions can be conducted using the 
present substrate, 

Accordingly, the present Invention provides a system for conducting chemical and/or biochemical 
reactions as described herein, wherein said chemical and/or biochemical reactions are polymer 
synthesB reactions. Including nucleotide synthesis .^actions, peptide synthesis reactions and 
sugar polymer synthesis reactions. 

Id.rT ""T*"' °' P'""^'^ or Chemically 

modIfy,ng the reaction substrate with a layer of a substance having readable functional greups 

such as amino groups. In an embodiment, an aminosilane such as 3^mino 
propyltrimethoxysilane (AFTS) or N.(2-aminoethy|.3.aminoprepy|)(imethoxysllane (EDA) Is used 
but other reactable substances may be used. Following this firet preparation step, due to the 
presence of the reactable functional groups, the entire surface of the reaction substrate Is 
hydrxjphlllc. In an embodiment, the reactorzones contain raadable functional greups such as but 
not limited to. amino hydroxyl. sulfhydryl. cart,oxyl. amine, epoxy. aldehyde, ketone, vlnylsulfonyl 
or naioalkyi groups. ^ 

Typl^ly. a first molecule, or first building block, is then anchored to the walls of the pores of the 

h"?r ''"'""^ biochemical reactions. This first 

buildlhg block is subsequently extended by covalentiy coupling a next or further building block 
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Which can be similar to or different from the first building bioclc. A building biocic may be a 
chemical moiety, a chemical building group, a chemical monomer, a polymer or any other 
approplate molecule, such as. for e)^mpie nucleotides, nucleosides, sugars, or amino acids. It 
will be understood that the term "building block" connotes dimers, tri-mers, oligomers etc. of the 
5 nucleotides, nucleosides, amino acids and sugars, such as, for example, polynucleotides 
containing a sequence of, for example, 2, 3, 4, 5, 6, 7, 8 or 9 nucleotides, peptides containing a 
sequence of, for example, 2, 3, 4, 5, 6, 7. 8 or 9 amino acids. 

The expression "first building blocks" as used In the present Invention refers to one of ttie reaction 
10 components which is present within predefined regions on the substrate. A first building block 
may be attached to said substrate, e.g. covalent, non-covalent or absorptive. 

The present Invention relates to a process to synthesise polymers, characterised In that said 
polymers am attached to the pores of a system as described herein* 

15 

A variety of techniques have been described for synthesizing and/or immobilizing arrays of poly- 
nucleotides, including in situ synthesis, where the polynucleotides are synthesized directly on the 
surface of the substrate (see, e.g-, U.S. Pat. No. 5,744,305 to Fodor, et aL,} and attachment of 
pre-syntheslzed polynucleotides to the surface of a substrate at discrete locations (see, e.g.. WO 
2 0 98/31836). Additional methods are described In WO 98/31838 at pages 41-45 and 47-48, among 
ofl^er places. Simllarty, a variety of techniques have been descn'bed for synthesizing and/or 
Immobilising arrays of (poIy)peptides. The present Invention relates to the techniques commonly 
known in the art, such as, for example, Boo-chemlstry, Fmoo-chemistry (see Ibr Instance Atiierton 
and Sheppard in "Solid phase peptide chemistry, a practical approach" IRL press at Oxford 

2 5 University Press. UK, 1 989), Fastmoc chemistry, Spot™ technology (JerinI AG, Beriln Gemiany) 

and Photochemical methods. All these publications, patents and patent applications are 
specifically incorporated herein by reference. 

The terms "covalent" and "non-covalenf bond are f urttier explained In tiie following examples. For 

3 0 instance, for DNA synthesis, the pores may be pre-coated with poIy-L-Iysfne. This forms a stable 

but an essentially non-covalent bond between the nucleotide and the substrate surface. A 
particular suitable example of covalent Immobilization comprises a sllanation step as well known 
in the art Reference is for instance made to tiie technology described In WO 01/12846 In tills 
respect 

35 

The present Invention Is suitable for use witii any of these currently available, or later developed, 
techniques. Moreover, while the In situ synthesis method Is described utilizing phosphoramidlfe 
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reagents. It wili be recognized that other reagents utilizing other synthesis strategies can also be 
employed and In certain circumstances may be pi^feiable. depending on the stability of the 
r^actlonsubstrateto thesynthesis conditions. NonWImhlng examples of suitable chemistries and 
r Tph Z l""^'^''' ^"^"^'^ Ollgonucteotlde Synthesis: A Practical Approach. M J 
Ga t. Ed IRL Prass. Oxford. England. 1985. While the bac«,o„es of the po,ynucleoOd;s vW„ 

modrfied linkages, such as one or mora phosphorothloate. phosphoramldlte or other modified 
lir^kages. As a specific example, one or mora Immobilized po.ynucleo«des may be a" ep^e 
nucleic acid (PNA) which contains am.de Interilnkages. Add^ona, examples of Id^^dTse: 

slestrH T Z - - for their 

^thesis can be found In. for example. Uhlman & Peyman. 1990. Chemical Review 90(4)-544. 

114.1895-1897: Go^znov etaL, J. Am. Chem. Sec. 116:3143-3144. in www.act»v. 
Eflmov et a/..1998. Nucteic Acids Researah 26:566^5 and Eflmov aiyT^^^y^iliS^' 
Research 27:4416^26 fbr gripNAs- ,n miggn^ for LNA- (Exic^on ^dbark 
Denmark), as well as In the raferances dted In aH of the above. Vedbaek. 

Z hT^ !r -"--passed by the prasant Invention, a single second reaction componem 
"Lo„ -™ts maybe Included as weil. As such, a second 

*eraof. 7T,e system according to the prasent Invention allows the sequential addition of at least 

second reaction component may be changed. 

reactor zones 

*%TTr^"'°"' ^''^^^^^--^ ---tlon or reactions are conducted at 
a spatially defined region In the substrate. I.e. In particular pores. A spatially defined region 

^ ^^'^^ ^ biochemical reaction may be conducted The 

substrate may contain vartous. I.e. more than one. spaflal/y defined regions. Each spatially 

components, such as. for example.solvents. reagents, wash solutions, enzymes and/orbuiW^^^ 
blocks The spatially defined regions are such that ilquW movement between adjace,^ 
zones .s prevented. The reactor zones fan. a pattern, tor Instance, an array of reactor^^s 

arranged .n rows and columns. The reactor zones may be rectangular.butany^ 
fcmi may be used, such as. but not limited to. circular or triangular fbmis 
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In an embodiment, the substantially flat top surface of the reaction substrate is bonded to the 
bottom of a flret rigid support, said rigid support comprising a multiplicity of through going holes 
extending ftT>m the top of said rigid support to flie bottom of said rigid support, and said through 
5 going holes defining the reactor zones. The rigid support may have, for Instance, cavities of about 
3.5 X 3.5 mm with a height of approximately 3 mm, whicii creates a holding reaction cavity of up to 
30 pi. Hence, the holding reaction cavity or "hole" may, possibly reverslbly, contain reaction 
components, such as, for Instance, a solvent, reagent, wash solution, enzyme, monomer and/or 
building biocl^s used for the polymer synthesis reaction. The dimensions of the rigid support may 
10 be based on the SBS (Society for Biomolecular Screening) footprint, and may consist of a plastic, 
rigid, mechanically stable» chemical and/or temperature resistant support to which ttie reaction 
substrate, e,g- a porous aluminium oxide sheet Is bonded via heat, laser welding, ultrasonic 
welding, chemical bonding, glueing, moulding or any other suitable method. An additional 
advantage of the reaction substrate being bonded to the rigid support Is that the rigid support 
15 strengthens and supports the substrate, which allows easier handling of the substrate. 

The first rigid support is made of a suitable plastic material, e.g. LCP, Topas <S> or polypropylene, 
but It can also be made out of other suitable materials such as glass or silicon* The material used 
must be chemically resistant and/or heat resistant up to 1 20 ^C, robot compatible, and/or optically 

2 0 compatible, e.g. flat and with minimal autofluorescence or auto-ak)80rbance. Further, the material 
should have minimal aspeclflc binding properties for the components used In the bhemical and/or 
biochemical reactions. The rigid support may be black to minimize autofluorescence, auto-! 
absorbance and reflnactlve bade scattering of light Alternatively, it Is possible to provide the first 
rigid support with a coating to obtain the desired non-refiectlve properties. The rigid support is 

2 5 attached to the reaction substrate by moulding, glueing, chemical bonding, thenmal bonding, such 
as for instance via heat, laser welding, or ultrasonic welding, orany other suitable method known 
in the art 

Accordingly, the present Invention provides a system for conducting chemical and/or biochemical 
30 reactions, comprising a reaction substrate with a multiplicity of reactor zones, said reaction 
substrate having a substantially fiat top surface and a substantially flat bottom surface, the 
reaction substrate being porous witii a multiplicity of essentially parallel pores enabling liquid flow 
through, said pores having a diameterof about 10 pm to 10 nm, aboutS pm to 25 nm. about 1 pm 
to 50 nm, 0.5 pm to 0.1 pm, or about 0,2 pm, characterised in tiiat said flat top surface is bonded 
35 ioihe bottom of a first rigid support, said rigid support comprising a multiplicity of through going 
holes extending from the top of said rigid support to the bottom of said rigid support, and said 
through going holes defining the reactor zones. It will be clear that the pores and through going 
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holes are essentailiy coaxial. 

It will to .ppr«lated mat th. preeant Invention connotes *e use of the system as descrtbad 
he«„ faroonducfcg chemical an*orblochentaU reactions. Indudlnglh. synthesis of polymers 
Wherein saw polym.,e may be. far Instance. oIlBOOucleotMes, pepSdesor eugarchalns. SImlLrty' 

^1!Z , *^ " " •ynthartsing In pa«llel dMeJi 

polymers. In each reactor zone of Ihe system, a dWemnl orihe same polymer may be 
syntheslsed. T„e torn, "different polymers- doee not e«u«te Vm, dme™„, polymers of «» L« 

9roup.e.g.JheBmupofongonucleotdes, the groupof peptides orthegrpup Of «.8archalns am 
^es,«.d.lnomerwords.e«ftepc.yme„sy„«,es.sed,npa™,telon.hesys.emofth.Z^ 
*|«|^.mayallbeofm.sameg..„p.e.g.*.gn>upo,c,lgcnuc.^^^ 

orftear»upofsug.rohalns.b«B,epa,«cularpolymer,.crlnstanceaflre.ollgonucteotldeL 

SpBCiTiC 

.ee|ueno., dlRer, *bm otherpclyme„ of the same group. Ibr Instance, a s«:ond oligonucleotide 
w,«, a s«,uen» dm^ng ft«n Ih. s«,ue„c of .He e^^eCide. Also, all L polyn^ 

Z^UTT »' »-*n may be Of dl„«en. gnTups. e.^ 

peptides and PIMA in the same synthesis. 

TfTM ' ^^^^^^ « ^«tem as described hemln. wherein the bottom surface 

Of said reactK,nsubstrateisbonded,o the top ofasecond rigid support, said second rigldsuppo^ 
ha>.ngthrough going holes extendinafh,mthetopofthesecondr1gldsupporttothebo«^^ 

flow through. The masked pores nriay border the reactor zones. 

Accordlngly.the present Invention prevIdesasystemforconducfingchemlcaland/orblochemK^I 
reactions comprising a reaction substrate with a multiplicity of reactor zones, said reaction 
substrate having a substantially flat top surface and a substantially flat bottom surface, the 

reaction substrate being porous withamulflplldtyof essentially parellel pores enabl^^^ 

threugh. said pores having a diameter of about 10 pm to 10 nm. aboutS to 25 nm. about 1 pm 

to50nm 05Mmto0.1 pm. or about0.2pm.charec(erlsed in thatpartof said pores ar« masked 
Oie masked pores may define the outer borders of tiie reactor zones. 

Ano^erelaboratlonofdeflnlngspati^^^^ 

zones. A reaction substrate is washed wrth an organosllane that chemlsorbs to the reaction 
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substrate, e.g. glass, to coat the reaction substrate. The organosllane coating Is Inradlated by 
deep U V light through an optical mask that defines a pattern of an array- The Irradiation cleaves 
the SI--C bond to Ibnn a reactive 81 radical. Reaction with water causes the Si radicals to form 
polar sllanoi groups. The polar sflanol groups constitute spots on the amay and are further 
5 modified to couple other reactable molecules to the spots, as disclosed in U.S. Pat No. 
5,324,591. Incorporated by reference herein. For example, a silane containing a biologically 
functional group such as a free amino moiety can be reacted with the silanol groups. The free 
amino groups can then be used as sites of covalent attachment for further building bloci^s. 

10 For example, In photochemical rBSlst-photolithograpy (Mrksich and Whltesides, Ann. Rev. 
Blophys. BlomoL Stnjct 25:55-78. 1996), a reaction substrate, e.g. a glass plate, is uniformly 
coated with a photoraslst, and a photo mask is placed over the photoresist coating to define the 
"array' or pattern desired. Upon exposure to light, the photoresist in the unmasked areas Is 
removed. The entire photollthographlcally defined surface Is uniformly coated with a hydrophobic 
15 substance such as an organosllane ttiat binds both to the areas of exposed reaction substrate 
and the areas covered with the photoresist The photoresist Is then stripped from ttie reaction 
substrate surface, exposing an array of spots of exposed reaction substrate. The reaction 
substrate then is washed wltii an oiganosllane having terminal hydrophillc gmxxps or chemically 
reactable groups such as amino groups. The hydrophobic organosllane binds to tiie spots of 
2 0 . exposed reaction substrate witii the resulting reaction substrate having an anray of hydrophillc or 
reactable spots (located In ttie areas of the ortglnal photoresist) across a hydrophobic surface. 
The array of spots of hydrophillc groups provides a substrate for binding. 

In tills manner a system Is obtained, which can be made according to SBS standard formats 
2 5 allowing the use of standard screening instrumentation, especially In automated robotic platforms. 
Using for example a mlcroplate format with an array of 96, 384 or 1536 reactor zones or wells 
allows a parallel processing of a large number of chemical and/or biochemical reactions resulting 
in a very efficient high tiiroughputsynttiesis. The mlcroplate of the system maybe bar-coded for 
identification. 

30 

Accordingly, the present invention provides a system as described herein, wherein said rigid 
support has 96, 384 or 1 536 holes and/or reactor zones. 

Masking 

35 The essentially parallel pores of the the reaction substrate may be masked, which results in 
closure of tinese pores. The masking process Is done by means of a masWng polymer, which 
enables filling of the pores and which can subsequently be activated by light (photo mask) or 
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Chemicals using a mask, which specifically dose certain ar^as on the substrate. Examples of 

such a masWng polymery are polyacrylamlde. phofocmssl^^ 

^c.a,ofwh.cha,B we., Known inthe art Further.theclosure^ 
^r^rt.a,c,osure,theporesmaybe«^^^ 

.terated.acoor.I,ngtotheneedsoftheuser.Aflerhanien^ 
pores may thereafter be cured by .^moving the masking polymer. 

A«:ordIngIy.theprBsentinventfonpravW^ 

me masking ,s carded out by a masking polyme. Including polyaorylamlde. photocros Ji^te 
masking polymers and photoreactlve glues. rossimKaoie 

Ac^rdlng^. thepresentfnventon p«,^^ 

a subset of said pores are. possibly rwersibly. masked. on.wnerein 
System 

The system of fta present hvenBon I, po^ ^^.p^d fc, «, SBS (Sodely for Bfamolecular 
Sc,een,r«)ste„dard,bn™,.a,tow,„«««„„p,sta,Kfc«.sc™e„,„aJ,n,„^ 

Llr;^" *.m,a. anows easy «u« ..ns^. such as for .»te»» ^ 

««^(^g^»aga„.adc«toneve^m,„ub).Ush»fore«,np,easv.te^ 

or 536 rsacto „„„ .ccor*, ^ SBS «a™ia.* Ilows paiBltel syndesis of a la J„umbar!i 

polymara.,eaulllno In a veiyoostemofentprtca per polymer. a^aenumberof 

amoun ot reaction component Is =«sd to one ormo,e of the reactor zones of the syst«n the 
^nountofacded ™ctR» components bs,,^ calculated on «,e basis of the dlmenslCT 2^ 
=n., including the posslbl. presence cf the cavity of the fl«f ngid support. A flo«„s 

in po™ Of the reactor zones v.heL^ t^eZ « 

toconductache™ca, end/or blochsmlcalreactlon. Which maylnclude.™^ 

fte p^«s anchor bu,,ding btocks. Any signal geneteted m any of the reactor zonJZrbTr^r 

and flcn, sa,d s.g„els the presence, amount, stag, ^or ld««Hy o, sa« JZTJZ- 
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biochemical reactions may be detemilned . The system may contain a cover, which may be used 
for sealing the reactor zones. When the system Is covered by a transparent material, such as a 
glass or plastic cover, the reactor zones can be analyzed and the reading signal can be 
detennlned through the cover. The cover may be provided with a heating element, for example, 
by Incorporating transparent electrical wires In the cover material. The cover can be heated In this 
manner to prevent condensation during conduction of the reactions. 

The system as described herein may comprise a reaction manifold for selecBvely delivering 
particular reaction components, such as, for Instance, solvents, reagents, wash solutions, 
enzymes and/or monomers to said reaction zones. 

The porous nature of the substrate facilitates the pressurized movement of fluid, e.g. the sample 
solution, through its structure. In contrast to two-dimensional substrates, the flow-through nature 
of a 3-dlmenslonal substrate or mlcroarray. as employed in the methods as described herein, 
glws slgnlflcanfly reduced reaction times and results in increased purity. 

A positive or negative pressure may be applied to the system of the present invention In order to 
pump the reaction solution dynamically up or down through the substrate pores. Alternatively, the 
substrates may be subjected to a centrifugal force. The duration, type and strength of the force 
applied will detemilne the level of displacement of reaction components within the substrate. An 
advantage of the present invention IsthatreacUon components may be displaced or refreshed by 
simple flowing off. 

In one embodiment of the present Invention, removal of analyte and/orreaction components Is by 
> a means selected from the group comprising centrifugal force, pressure, and suction including 
vacuum. 

The flow of the reagents through the reaction substrate may be achieved by a vacuum manifold 
positioned below the reaction substrate or by the use of a centrifuge based system. In addlfion. 
0 the present Invention provides a system vwlth means for applying a pressure. Also, the system 
provides a means for inducing a reversible flow through the reaction substrate. Accordingly, the 
system presents efficient and fast washing and fluid addition. 

In another aspect, the Invention provides an apparatus for conducting chemical and/or 
15 biochemical reactions comprising a system as described above, an Incubation device for holding 
said 

system, a loading station, possibly a dispensing and aspiration station, possibly a pressure or 
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vacuum application station, and possibly a reading station. 



The Invention also provides an Incubation device to be used in the system of the invention Also 
the invention provides an apparatus for conducting high throughput synthesis, comprising a 
5 system of the Invention, a device for linearly moving the incubation device along a plurality of 
stations including a station for loading a the system into the Incubation device, a station for 
dispensing a liquid Into the holes oron the reactor zones of the microplate. and a reading station 
for individually illuminating each substrate of the system, wherein a device is provided for moving 
the Incubation device with the microplate with rospect to the reading station in mutually 
10 perpendicular directions. 

The present Invention relates lurther to a system tor conducting chemical and/or biochemical 
reactions, comprising a reac&on substrate wHh a number of reaction zones, and an incubation 
de\4ce for holding ttie. reaction substrate. 

15 

SHORT DESCRIPTION OF THE FIGURES 

Rgure 1 shows a top SBS view of an embodiment of the system of the Invention, A: substrate- B- 
2 0 plastic SBS footprint; C: Reaction zone cavity. 

Rgure 2 is an exploded view of part of the system of Figure 1, A: substrate; B: plastic SBS 
foo^rint; C: Reaction zone cavity. 

25 
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CLAIMS 

1 . System for conducHng chemical and/or biochemical reactions, comprising a reaction substrate 
wifli a mulfiplicity of reactor zones, said reaction substrate having a substantially flattop surface 

5 and a substantially flat bottom surface, the reaction substrate being porous with a muMpHdly of 
essentially parallel pores enabling liquid flow through, said pores having a dlameterof about 10 
pm to 10 nm. characterised In that said flat top surface Is bonded to the bottom of a first rigid 
support, said rigid support comprising a multiplicity of through going holes extending from the top 
of said rigid support to the bottom of said rigid support, and said through going holes defining the 

10 reactor ^nes. 

2. System accoiding to ttie previous claim, wherein a subset of said holes are, possibly reverslbly. 
masked. 

15 3. System for conducting chemical and/or biochemical reactions, comprising a reaction substrate 
with a multiplicity of reactor zones, said reaction substrate having a substantially flat top surface 
and a substantially flat bottom surface, the reaction substrate being porous with a multiplicity of 
essentially parallel pores enabling liquid flow through, said pores having a diameter of about 10 
pm to 10 nm, characterised in that part of said pores are masked, the masked pores defining the 

2 0 outer bordere of the reaptor zones. 

4. System according to any of the previous claims, wherein chemical moieties, chemical building 
groups, chemical monomers, molecules or polymers are anchored to the walls of said pores. 

2 S 5. System according to any of claims 2 to 4. wherein said masking Is earned out by a masking 
polymer. Including polyaciylamide, photocrosslinkable masking polymers and photoreacHve glues. 

6. System for conducting chemical and/or biochemical reacfions according to the previous claims, 
wherein said chemical and/or biochemical reactions are monitored optically. 

30 

7. System according to any of the previous claims, wherein said chemical and/or biochemical 
reactions are polymer synthesis reactions. Including nucleotide synthesis reactions, peptide 
synthesis reactions, and sugar polymer synthesis reacQons. 

35 8. System accortllng to any of the previous claims, wherein said reaction substrate is made of an 
organic or inorganic material, such as aluminium oxide. 
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9. System accordfng to any of the previous claims, wherein said reaction substrate is optically 
transparent or translucent 

10. System according to claims 1 or 2, wherein said rigid support is bonded to the reaction 
5 substrate by moulding, glueing, themial bonding, laser welding, chemical bonding and the like. 

11. system according to the cfalms 1 or 2 wherein, said rigid support is a chemical andtor 
temperature resistant material, such as Topas ® . 

10 12. system according to the claims 1 or 2. wherein said holes of said rigid support reverslbiy 
contain reaction components. 

1 3. System according to the previous claim, wherein said holes contain a solvent, reagent, wash 
solution, enzymes or monomer used for the polymer synthesis reaction. 



15 



20 



14. System according to any of the previous claims comprising a means forapplylng 



a pressure. 



15. System according to any of the previous claims comprising a means forlnducing a revereible 
flow through said reaction subsirete. 

16. System according to the previous claims, comprising a reaction nSanlfoid for selectively 
delivering particular solvents, reagents, wash solutions, enzymes and/or monomers to said 
reaction zones. 

25 17. Systemaccordingtotheclaimsl or2.whereln8aidrtgldsupporthasatleast9e.384or1536 
holes or reactor zones. 

18. System according to the previous claims wherein the bottom surface of said reaction 
substrate Is bonded to the top of a second rigid support, said second rigid support having through 

3 0 going holes extending ftom the top of the second rigid support to the bottom of the second rigid 
support, and said holes of the second rigid support are aligned with the holes of the firet rigid 
support 

19. Use of the system according to the previous claims for conducting chemical and biochemical 
3 5 reactions, including the synthesis of polymers. 

20. Use of the system according to the previous claims, wherein said polymera are 
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oligonucleotides, peptides or sugar chains. 

21. Use of the system according to the previous claims for syntheslslng In parallel different 
polymers. 

22. Process to syntheslse polymers, characterised In thatsaid polymers are attached to the pores 
of a system according to the previous claims. 

23. Apparatus for conducting chemical and/or biochemical reacUons comprising a system 
accortllng to the previous claims, an Incubation device for holding said system, a loading station, 
possibly a dispensing and aspiration station, possibly a pressure or vacuum application station, 
and possibly a reading station. 
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ABSTRACT 



Asystem for conducting chemical and/or biochemical reactions is provided, comprising a reaction 
substrate with a multlpiicity of reactor zones, said reaction substrate having a substantiaiiyflattop 
surface and a substantially flat bottom surface, the reaction substrate being porous with a 
multiplicity of essentially parallel pores enabling liquid flow through, said pores having a diameter 
of about 10 pm to 1 0 nm. characterised in that said flat top surface is bonded to the bottom of a 
first rigid support, said rigid support comprising a multiplicity of through going holes extending 
from the top of said rigid support to the bottom of said rigid support, and said through going holes 
defining the reactor zones. The invention iurther relates to the use of said system, an apparatus 
comprising said system as vi/eli as an incubation device for holding said system and a loading 
station. 
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Figure 2 
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